ABSTRACT
INTRODUCTION
In 1967 Cotton reported that the 1 H NMR spectrum of the indenyl derivative 1a corresponds to a static structure at ambient temperature. 1 In a recent report the barrier for the sigmatropic migrations in 1a was determined to be approximately 20 kcal mol -1 . 2 On the other hand it was discussed, that in compound 2 the signals of the σ-bonded cyclopentadienyl ring are completely averaged at 30°C due to a fast sigmatropic migration (E A = 10.7 kcal mol" 1 ) of the (7i-C 5 H 5 )Fe(CO)2 group via a 1,5-suprafacial shift(Scheme 1). 
Scheme 1
The much higher barrier for the rearrangement in 1a can be accounted for by the inevitable formation of an intermediate 3a. The latter is less stable than 1a due to loss of aromaticity. Since the alternative [1, 3] mechanism of the sigmatropic migration in 1a does not require the formation of an unstable intermediate, it was concluded that the mechanism can be described by two consecutive [1, 5] sigmatropic shifts (Scheme 1). 1 Later studies of the dynamic behaviour of σ- Recently the organometallic derivatives of indene find much interest due to their importance as precursors of metallocene catalysts of the stereocontrolled synthesis of polypropylene.
15-19
Borylated indenes are considered to be the most suitable substrates. 19 Several indenyl derivatives of boron have been described (Scheme 3): the dimethyl ester of indenylboronic acid 1f, 20 trisindenylborane 1g, 21 and two isomeric indenyl(bispentafluorophenyl)boranes 4h and 5h. 19 Only in 1g a dynamic behaviour was observed and characterised as a [1, 3] Β shift. 21 At elevated temperatures formation of vinylic isomers of 1g was detected by 11 B NMR spectroscopy; however their structure could not be elucidated. 
Scheme 3
It should be noted that 1g is an inconvenient substrate for investigation, since the interconversion of several stereoisomers leads to complex equilibria like those found recently for the silicon derivatives R 2 Si(C9H7) 2 15 ' 16,18 and RSi(C 9 H 7 ) 3 . This encouraged us to prepare another indenyl derivative of boron to study its dynamic behaviour.
MATERIALS AND METHODS
General: All manipulations were carried out under an atmosphere of dry nitrogen by standard Schlenk techniques. Et 2 BCI was prepared as described previously. 30 The structure of all new compounds was established by homo-and heteronuclear 2D NMR correlation experiments, using the standard procedures COSY, XHCORR, HMQC and NOESYTP on a Bruker AMX-300 instrument.
Borylation of indenyl lithium with Et 2 BCI: Chlorodiethylborane 5.3 g (0.05 mol) was added dropwise to a suspension of indenyl lithium (6.3 g, 0.05 mol) in 150 ml of hexane at -30°C. The reaction mixture was allowed to warm up to ambient temperature and then stirred for 2h. The precipitate was filtered off, and the solvent removed in vacuum at 25°C. NMR analysis of the remaining pale yellow oil showed that it consisted of 1i contaminated with 5% of indene. Distillation at 56°C (1 mbar) afforded 7.6 g (83%) of a pale yellow liquid, which contained 70% of 1i and 30% of 4i (by NMR).
Diethyl(1 -indenyl)borane 1i
overlapped with the signals of major isomers), 7.62 (dm, 1H, Η , 3 J = 7.7 Hz). 13 
RESULTS

^ ος>
" B(C 2 H 5 )2
Scheme 4
Diethyl(1-indenyl)borane 1i was prepared from indenyllithium and diethylboron chloride in hexane at -20°C (Scheme 4). Analysis of the NMR spectra of the reaction mixture showed that 1i is the only product contaminated by a minor amount of indene. However, already after distillation (56°C, 1 mbar) the product contained about 30% of the vinylic isomer 4i. After prolonged storage of the sample at ambient temperature the content of 4i raised to 45%, and the signals of 5i were detectable. When the same sample was heated to 100°C, considerable broadening of the signals of 1i was observed. After only one minute at 100°C the ratio 1i: 4i: 5i was 1.0 : 2.2 : 0.2. This ratio did not change by prolonged (3 hours) heating of the sample at 100°C and by cooling it down to ambient temperature in due course. This indicates an equilibrium between 1i, 4i, and 5i (Scheme 5). The temperature dependence of the lineshape shows, that a degenerate rearrangement occurs in 1i.
Addition of a 5-fold excess of pentadeuteropyridine to a solution of 11 in CDCI 3 at -10°C did not lead to dramatic changes in the position of the equilibrium between the allylic (1j) and the two vinylic (4j, 5j) isomers of the deuteropyridine complexes: the ratio 1]: 4j: 5j was 1 : 3.2 :0.2. This
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result is rather unexpected, since trisindenylborane 1g was reported to give only a vinylic isomer when treated with pyridine. However, as already noted above, in the trisindenyl derivative of boron, complex equilibria exist, which require a more detailed analysis using modern techniques. 
Scheme 5
The mechanism of the rearrangement taking place in 1i was established by 2D 1 H EXSY NMR spectroscopy (Fig. 1) . In the spectrum three cross-peaks correspond to exchanges between H 1 and Η 3 , H 5 and Η 8 , Η and H 7 . Therefore in 1i the diethylboryl group migrates reversibly from position 1 to position 3. Kinetics of the sigmatropic migrations of the diethylboryl group in 1i were measured from the series of 2D 1 H EXSY spectra recorded in the temperature interval 25-80°C. Rate constants were obtained from equation (1), 22 where l M) l BB are the intensities of the diagonal peaks; l M , Iba are intensities of the cross-peaks. Thus obtained rate constants and activation parameters derived by Arrhenius and Eyring treatments of the kinetic data (Fig. 2) are listed in Table 1 . 
DISCUSSION.
A [1, 3] Β shift was found in a wide series of structurally different triorganoboranes of the allylic type. 23 ' 29 The activation barrier determined for sigmatropic migrations in 1i is close to the barriers of [1, 3] Β shifts in linear 2,4-pentadienyl(dipropyl)borane. 25 In cycloheptatriene derivatives of boron [1, 3] and [1, 7] Β migrations were detected, while [1, 5] Β shifts were not. Such selectivity in sigmatropic shifts of boryl groups corresponds to an inversion at the migrating atom (Möbius type transition state), for which the unoccupied 2p-AO of boron atom is perfectly aligned. 32 Therefore, there are good reasons to conclude that a [1, 3] Β sigmatropic shift occurs in 1i.
On the other hand, the much higher barrier for the sigmatropic migration in 1i compared to that in dimethylcyclopentadienylborane (E A < 5 kcal mol" 1 ) 33 and formation of 5j can be arguments in favour of two consequent [1, 5] shifts similarly to other indenes.
In consideration of the reported results, we believe that a [1, 3] Β shift mechanism is more probable. Formation of 3i (giving rise to 5i) can be explained by two consecutive [1, 3] 
